INTRODUCTION
============

Keloids are defined as dense fibrous tissue arising from an abnormal healing response to a cutaneous injury that grows beyond the boundaries of the original wound scar[@B1],[@B2],[@B3]. Keloids, which are characterized by a collection of atypical fibroblast with excessive deposition of extracellular matrix components such as collagen, fibronectin, elastin, and proteoglycans, can be considered a \"benign neoplasm that does not know when to stop\"[@B1]. Pathologically, keloids contain relatively acellular centers and thick, abundant collagen bundles that, form nodules in the deep dermal portion of the lesion. Keloids can occur on any part of the body, but they typically, occur on the ear lobes, shoulders, chest, and back[@B2],[@B3]. Many unknown factors can cause keloids. However, commonly kwon causative factors of keloids are piercings, trauma, surgical scars, acne scars, and chickenpox scars[@B1],[@B3]. The incidence of keloids is in both sexes, although a female predominance has been reported, most likely due to higher frequency of ear lobe piercings in women[@B2],[@B3],[@B4]. When they occur in the head and neck area, keloids are associated with unpleasant cosmetic consequences, especially in younger patients[@B1],[@B2],[@B3],[@B4]. In addition to, cosmetic problems, keloid patients can experience itching, redness, and unusual sensations[@B2],[@B3]. Although they are more likely to develop in people with darker skin, keloids can occur all skin types. The tendency to form keloids sometimes appears to run in families. Notably, the connection between family history and a hereditary tendency for keloid formation has been controversial; some authors have reported that 10% of patients may have a family history, but no specific research on family history has been reported[@B5],[@B6]. Various methods for the treatment of keloids have been attempted, including intralesional steroids, interferon and fluorouracil injections, laser therapy, cryotherapy, silicone gel sheets applications, surgical excision, external radiation therapy, and brachytherapy[@B1],[@B4]. However, these treatments are largely in effective, and the lesions often return. Moreover, despite the many treatment methods attempted, a satisfactory method has yet to be reported. Many authors have reported on the surgical excision of keloids, which is followed by recurrence in 50%\~80% of patients[@B1],[@B7]. Therefore, adjuvant treatment such as radiation therapy has also been considered as a means of improving therapeutic outcomes after surgery[@B1],[@B7],[@B8]. A various of radiation techniques such as electron beam radiotherapy, and iridium-192 brachytherapy with implants or strontium-90 dermal plates can be used, and postoperative radiotherapy is a highly effective therapeutic method[@B7],[@B8]. This study aimed to evaluate the results of postoperative electron beam radiotherapy, and to analyze factors associated with keloid occurrence and recurrence.

MATERIALS AND METHODS
=====================

Patients
--------

From January 2006 to January 2012, 30 patients with 37 keloid lesions were treated with postoperative electron beam radiotherapy. There were 23 female patients (29 lesions) and 7 male patients (8 lesions) with, ages ranging from 11 to 66 year (mean, 23.9 years). Sites of keloid development included the ear lobe (n=22, 59.5%), the helix of the auricle (n=6, 16.2%), the shoulder (n=4, 10.8%), the chest wall (n=3, 8.1%) and the abdomen (n=2, 5.4%). All lesions were surgically excised, and the clinical diagnosis of keloids was confirmed histopathologically. Wide local excision was performed for 21 lesions, and core excision was performed for 16 lesions. Factors contributing to keloid formation included piercing (24 lesions; 64.9%), trauma (5 lesions; 13.5%), surgical scars (3 lesions; 8.1%), bacillus Calmette-Guerin vaccination scars (3 lesions; 8.1%), and acne (2 lesions; 5.4%). A total of 19 patients (22 lesions) had a family history. Among these, maternal and paternal hereditary tendencies were present in 14 patients (16 lesions, 73.7%), and 5 patients (6 lesions, 26.3%), respectively. Because more than 50% of keloid recurrences occur within 6 months of treatment[@B3],[@B5],[@B7], a follow-up period of at least 6 months was necessary and we observed the treated lesions every 3 months after radiotherapy. The median follow-up period was 27.4 months (range, 9\~51 months) ([Table 1](#T1){ref-type="table"}). Our study protocol was approved by the institutional review board of Chonbuk National University Hospital (CUH 2012-02-003-001).

Radiation treatment
-------------------

Radiation therapy was applied with a 6-MeV electron beam. To ensure an adequate radiation dose was applied to the surface of the skin, a 0.5 or 1-cm thick silicone bolus such as a tissue compensator was placed on the keloid surgical scar, based on the characteristics of the scar. The electron beam irradiated the normal skin area 0.5 or 1 cm from the margin of the operative suture lines. The surrounding normal tissue was shielded with lead (equivalent to 6 mm of Pb). The total treatment doses administered ranged from 12 to 18 Gy: 12 Gy (biological effective dose \[BED\] 15.6 Gy) for 11 lesions, 15 Gy (BED 19.5 Gy) for 20 lesions, 16 Gy (BED 22.4 Gy) for 3 lesions, and 18 Gy (BED 23.4 Gy) for 3 lesions. The treatment dose distribution by site was as follows: 12 Gy for 9 lesions in the ear lobe and 2 lesions in the helix of the auricle; 15 Gy for 13 lesions in the ear lobe, 4 lesions in the helix of the auricle, 2 lesions in the chest wall, and 1 lesion in the shoulder; 16 Gy for 1 lesion in the chest wall, 1 lesion in the shoulder, and 1 lesion in the abdomen; 18 Gy for 2 lesions in the shoulder and 1 lesion in the abdomen. Radiation therapy was administered every other day at 3 or 4 Gy. Radiation therapy was initiated within 24 h for 24 lesions, between 24 and 72 h for 6 lesions, and more than 72 h after surgical excision for 7 lesions ([Table 2](#T2){ref-type="table"}).

Statistical analysis
--------------------

The treatment outcome as well as factors associated with occurrence and recurrence were analyzed using the chi-square test (Fisher\'s exact test) with a p-value significance level using SAS version (SAS Institute, Cary, NC, USA) 9.2 (*p*\<0.05).

RESULTS
=======

In this study, the recurrence-free success rate was 81.1% during the follow-up period ([Fig. 1](#F1){ref-type="fig"}). In our cohort of 30 keloid patients with 37 lesions who received postoperative radiation therapy, 7 lesions recurred ([Fig. 2](#F2){ref-type="fig"}). The median to recurrence was 7.9 months (6\~13 months). Of the 7 lesions, 4 recurred in male patients and 3 recurred in female patients. Areas of recurrence were the ear lobe (1 lesion), the helix of the auricle (1 lesion), the shoulder (2 lesions), the chest wall (2 lesions), and the abdomen (1 lesion). The radiation doses administered to the 7 recurred lesions were 12 Gy (2 lesions), 15 Gy (2 lesions), 16 Gy (1 lesion), and 18 Gy (2 lesions). The timing of radiation treatment after surgical keloid removal was within 24 h for 1 lesion, and after more than 72 h for 6 lesions (*p*\<0.0001).

Five of the 7 recurred lesions appeared in high stretch-tension regions including the shoulder, chest wall, and abdomen while the remaining 2 lesions appeared in low stretch-tension regions including the ear lobe and helix of the auricle (*p*=0.010) ([Table 3](#T3){ref-type="table"}).

Sex, causative factors, age, family history, surgical methods, and total treatment dose were not associated with keloid recurrence to a statistically significant degree.

Of the 30 patients (37 lesions), 19 (22 lesions) had a family history (*p*=0.250). Among these maternal and paternal hereditary tendencies were observed in 14 (16 lesions) and 5 (6 lesions) patients, respectively (*p*=0.033). In the overall 30 patient cohort, family history was positive in 5 of the 7 patients who developed a recurrence and 14 of the 23 patients who did not (*p*=0.677) ([Table 4](#T4){ref-type="table"}). Sex, causative factors, lesion location, and age were not statistically associated with keloid development.

During treatment, mild skin erythema (grade 1 dermatitis[@B7]) was observed in 8 lesions (1 lesion in the ear, 1 lesion in the helix of the auricle lesion, 2 lesions in the chest wall, 2 lesions in the shoulder, 2 lesions in the abdomen), and these symptoms disappeared within a few weeks of treatment. Surgical wounds dehiscence did not occur. During the follow-up period, transient hyperpigmentation was observed in 3 treated lesions (1 lesion in the shoulder, 2 lesions in the abdomen) and the symptoms disappeared within 4 months of treatment. Secondary carcinogenesis did not occur during the follow-up period.

DISCUSSION
==========

Keloids result from defective negative feedback mechanisms in fibroblasts during the wound healing process. They occur outside excessive collagen depositions and are diseases owing to the decomposition of matrix metalloproteinases[@B1],[@B9],[@B10]. Keloid occur in contrast to the normal wound healing process, which regulates cell growth and proliferation via changes in cellular signals: keloids have also been known to occur during the wound healing process[@B1],[@B3],[@B11]. Compared to normal fibroblasts, keloid-derived fibroblasts are immature and exhibit increased production of type I or III collagen and matrix metalloproteinases. The result is an overgrowth of type III collagen at the wound site, which is then slowly replaced by type I collagen, unlike the normal wound healing process[@B1],[@B3],[@B11]. The abnormal expression of various growth factors and related receptors has been associated with keloid-derived fibroblasts[@B12],[@B13]. In recent studies, keloid-derived fibroblasts have been shown to overexpress the following growth factors: vascular endothelial growth factor, transforming growth factor (TGF)-beta 1, TGF-beta 2, connective tissue growth factor, the platelet-derived growth factor receptor. In particular, TGF-beta 1, a cytokine that participates in wound healing and fibrosis, is an important component in the formation of keloids and in histamine, which is considered capable of accelerating collagen formation during the proliferation phase of wound healing[@B1],[@B3],[@B4],[@B12],[@B13].

Postoperative radiotherapy is expected to favorably impact wound healing in patients with keloids at a time when the connective tissue is more radiosensitive by decreasing fibroblast proliferation and causing a rapid degranulation of mast cells the main secretors of histamine[@B1],[@B14],[@B15]. Radiation suppresses collagen synthesis in keloids or hypertrophic scars. This is mediated by the inhibition of TGF-beta 1 release from fibroblasts. Otherwise, histamine released from mast cells stimulates the proliferation of fibroblasts. Radiation inhibits histamine release from mast cells, which in turn inhibits the proliferation of fibroblasts. Thus, the mechanism by which radiation inhibits keloids or hypertrophic scars is the suppression of fibroblast proliferation and inhibition of collagen synthesis[@B14],[@B16].

Considering that the proliferation phase occurs 2 or 3 days (48\~72 h) after an injury, radiation therapy should be initiated within 72 h after keloid surgery. In this study, initial radiation treatment occurred more than 72 h after surgery in 6 of the 7 recurred lesions (*p*\<0.0001).

Several authors[@B14],[@B15] have reported the excessive proliferation of collagen fibers in keloid scars with high stretch-tension. Repeated hyperextension stimulation has been performed on collagen overgrowth at treated keloid sites[@B14],[@B15]. Bischof et al.[@B15] reported recurrences at sites of high stretch-tension, and these were relatively common. In this study, 5 of the 7 recurred lesions appeared in high stretch-tension regions (the shoulder, chest wall and abdomen) and the remaining 2 lesions appeared in low stretch-tension regions (the ear lobe and helix of the auricle). This difference was statistically significant (*p*=0.010). Keloid occurrence and recurrence as well as the presence of a family history have been examined in numerous studies within contradictory results. Some authors have reported that both the occurrence and recurrence of keloids is associated with family history, while others reported that family history is not significantly related to keloids. In our study, 19 of the 30 keloid patients who received postoperative radiation therapy had family histories and 11 patients did not (*p*=0.250). Family history was present in 5 of the 7 patients who displayed recurrence and in 14 of the 23 patients who did not. This difference was not statistically significant (*p*=0.677). However, in a detailed analysis of genetic predisposition among those with family histories, a maternal inherited genetic predisposition was significantly related to the occurrence of keloids (*p*=0.033). During fetal development, actin, fibronectin, and ribosomes are known to be inherited mainly from the mother[@B17], and these genetic factors have been associated with keloid development in laboratory micro-array findings from several studies[@B17],[@B18]. Satish et al.[@B19] reported micro-array data comparing the gene expression profiles of keloid and normal tissues. They found increased expression levels of fibronectin, several actin isoforms, and the alpha-1 chain of type I collagen proteins, which were all associated with abnormal wound healing[@B20]. In addition, some tumor-related genes were found to be up-regulated in keloid-derived fibroblasts, with greater increases observed for ribosomal protein 18, an important protein for cell growth, and Stat-3, another oncogene involved in cell proliferation[@B19],[@B20],[@B21]. These *in vitro* findings, concerning the extracellular matrix and several genes that interact with the complex process of wound healing in general cannot explain the exact genetic relationship but factors related to the link with maternal genetics were observed.

The recurrence rate in our study was 18.9%. The acute side effect of radiation dermatitis was observed in 21.6% of the cases, and chronic side effects were observed in 8.2% of the cases. However, all side effects disappeared during the follow up period. Recurrence rates between 15% and 32.7% have been reported in other studies[@B7],[@B18]. Kovalic and Perez[@B22] monitored 75 patients with 113 treated scars and found an overall local control rate of 73%. Meanwhile, Borok et al.[@B23] reported excellent cosmetic results without recurrence in 92% of cases. The results of our study can be considered satisfactory in comparison to those of other studies.

Postoperative electron beam radiotherapy can be regarded as an effective treatment method for the prevention of keloid recurrence without serious adverse events. However, radiation therapy should be initiated within 72 h after surgical excision to prevent recurrence. Recurred lesions were more common in high stretch-tension regions than in low stretch-tensions, and this difference was statistically significant. The occurrence of keloids was associated with family history, but this was not statistically significant. However, a significant tendency towards maternal genetic predisposition was observed. Combination therapy with anti-collagen synthesis drugs or silicone sheets should be considered for high stretch-tension areas to reduce stretch tension and inhibit collagen synthesis. Moreover, careful monitoring is necessary in patients with maternal genetic predispositions for keloids.

![(A) A lesion limited to the right posterior ear lobe was observed prior to surgery. (B) A recurrent lesion was not observed during the follow-up period after radiotherapy.](ad-27-53-g001){#F1}

![(A) A lesion was observed on the left ear lobe. (B) Radiotherapy was performed 7 days after surgery. A small, recurrent, hypervascular lesion re-grew after radiotherapy. Steroid injection therapy was administered to the recurrent lesion.](ad-27-53-g002){#F2}
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Characteristics of 30 keloid patients with 37 lesions who received postoperative radiation therapy
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Values are presented as the numbers of scar sites (the numbers of patients).
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Radiation dose and initial time of treatment in 30 keloids patients with 37 lesions who received postoperative radiation therapy
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Characteristics of 7 recurrent lesions in the keloids patients after postoperative radiation therapy
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^\*^High stretch-tension areas were on the shoulder, chest wall, and abdomen. ^†^Low stretch-tension areas were on the ear lobe and helix of auricle. ^‡^Chi-square test (Fisher\'s exact test): recurrent rate after postoperative radiation therapy.
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Analysis of family history and genetic predisposition in 30 keloid patients with 37 lesions
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Values are presented as the numbers of patients (the numbers of lesion sites).
